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The advent of thermodynamics during the early stages of the industrial revolution was 
brought about by the necessity to understand the conversion of heat into mechanical work. 
Similar theoretical concepts are being invoked at present to improve our understanding of 
photovoltaic conversion. Much work has been reported in the fields of photovoltaics1, 
photochemical conversion2 and luminescence3, as well as a more general, device-
independent, approach using the tools of irreversible thermodynamics (see, for example,4) 
 
At the most basic level, the limiting efficiency can be estimated by applying the Carnot 
efficiency Sc TT /1 0−=η   to a device operating between the temperatures of sunlight (Ts ≅ 
6000K) and the temperature To ≅ 300K of the solar cell. This rough argument does not 
contain, however, any mention of the kinetics of the process (inherent in the concept of 
electrical current). More refined procedures are therefore most frequently based on fluxes 
(or flows) of photons, energy and entropy 4 but no allowance is usually made for the 
quantum nature of the interaction between radiation and matter. 
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Fig. 1. Front and edge fluorescence spectra from a fluorescent collector. (a) A schematic diagram of the 
collector (illuminated from the left); (b) The edge fluorescence spectrum which resembles fluorescence of 
the dye far from the overlap with absorption; in the strong absorption region, edge fluorescence is 
approximated well by a quasi-black body spectrum at room temperature. 
 
This paper reviews more recent theoretical results of how thermodynamics can be used 
to describe both the photovoltaic and photosynthetic conversion processes, as well as 
the operation of devices such as fluorescent collectors which collect radiation rather 
than convert it into work. A convenient starting point is the thermodynamics of 
absorption and emission of photons, taking a look at the “detailed balance” – 
distinguishing the “thermodynamic” meaning of Einstein and the Shockley-Queisser 
version with application to solar cells.1 An illustration of this concept is offered by 
fluorescent collectors which, at least in a part of their spectral range of operation, 
manifest thermodynamic equilibrium between the emitted room-temperature radiation 
and the emitting substance – in other words, perfect photon recycling (Fig. 1). 
The equilibrium nature of the incident and emitted light 
beams provides a useful framework in terms of reservoirs 
which can be used to describe the conversion process. 
This will be done by considering the absorption and 
emission of individual photons, thereby automatically 
bringing in the discrete nature of the light-matter 
interaction. A similar procedure was discussed by Rose5 
to resolve the so-called Shockley paradox; here we shall 
show that, for an ideal solar cell, this procedure provides a 
comprehensive argument for the determination of the 
voltage via a simple application of the Guoy – Stodola 
relation:6 ( ) ioinso TuTTqV σ−−= /1  (Fig. 2). Under 
reversible operation when σi =0 the theory gives the 
voltage which corresponds to the hot-carrier solar cell.  
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Fig. 3 (a) A schematic diagram of the p-n junction under illumination, producing voltage V.   
(b) A similar diagram for the primary charge separation in bacterial photosynthesis which 
generates electrochemical potential difference Δμ. 
 
Thermodynamics also provides useful clues about the final step of the photovoltaic 
conversion process: the separation of the photogenerated charges to produce electricity, 
with an illustration by the charge separation at a p-n junction (Fig. 3a). A contrasting 
(but remarkable similar) example is the photochemical conversion process of the 
primary charge separation step in photosynthesis where both electricity and chemical 
energy may be produced, depending on the permeability of the photosynthetic 
membrane to the passage of ions (Fig. 3b).7 
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Fig. 2. Solar cell as a heat engine, 
absorbing heat uin, rejecting heat q 
and producing work qV and 
entropy σi.  
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